One potential approach to reducing health disparities among minorities is through the promotion of shared decision making (SDM). The most commonly studied SDM intervention is the decision aid (DA). While DAs have been extensively studied, we know relatively little about their use in minority populations. We conducted a systematic review to characterize the application and effectiveness of DAs in racial, ethnic, sexual, and gender minorities. METHODS: We searched PubMed for randomized controlled trials (RCTs) evaluating DAs between 2004 and 2013. We included trials that enrolled adults (> 18 years of age) with > 50 % representation by minority patients. Four reviewers independently assessed 597 initially identified articles, and those with inconclusive results were discussed to consensus. We abstracted decision quality, patient-doctor communication, and clinical treatment decision outcomes. Results were considered significantly modified by the DA if the study reported p < 0.05. RESULTS: We reviewed 18 RCTs of DA interventions in minority populations. The majority of interventions (78 %) addressed cancer screening. The most common mode of delivery for the DAs was personal counseling (46 %), followed by multi-media (29 %), and print materials (25 %). Most of the trials studied racial (78 %) or ethnic (17 %) minorities with only one trial focused on sexual minorities and none on gender minorities. Ten studies tailored their interventions for their minority populations. Comparing intervention vs. control, decision quality outcomes improved in six out of eight studies and patient-doctor communication improved in six out of seven studies. Of the 15 studies that reported on clinical decisions, eight demonstrated significant changes in decisions with DAs. DISCUSSION: DAs have been effective in improving patient-doctor communication and decision quality outcomes in minority populations and could help address health disparities. However, the existing literature is almost non-existent for sexual and gender minorities and has not included the full breadth of clinical decisions that affect minority populations.
INTRODUCTION
Health disparities negatively impact the lives of many minorities, but especially racial, ethnic, sexual and gender minorities. Racial and ethnic minorities have higher rates of chronic diseases, such as cancer, cardiovascular disease and diabetes. Moreover, when they develop these conditions, they suffer higher mortality rates than their white counterparts. 1 Similarly, sexual and gender minorities suffer from higher rates of physical and mental illness than majority populations. Lesbian, gay, bisexual, and transgender individuals have higher rates of mood anxiety disorders and suicidal ideation than majority populations. 2 Racial, ethnic, sexual, and gender minorities' health care has been hindered by the failure to include these patients in clinical research that has left health care providers with a modest evidence base and an absence of implementation strategies.
Shared decision making (SDM) is one important potential conceptual approach to alleviating health disparities. SDM is the practice of facilitating patient-physician discussions to determine health care plans. One of the most widely disseminated conceptual models of SDM is grounded in three pillars: 1) information--sharing, 2) deliberation and/or physician recommendation and 3) decision making. 3, 4 SDM has the potential to increase patient satisfaction, align the selection of treatments with patients' preferences, increase adherence to therapies, and improve clinical outcomes. [5] [6] [7] [8] While SDM has great promise, patients of minority backgrounds experience SDM less often than nonminority populations. [9] [10] [11] Minority populations may also have alternative conceptions and definitions of SDM that raise questions about the effectiveness of this model of care. For example, Peek et al. explored SDM among African American patients and discovered that information sharing preferences differed significantly from the traditional SDM model among these patients. 12 In addition to differences in preferences for information sharing, some minority populations may have higher rates of Homosexuality OR Bisexuality OR Transgendered Persons OR Transsexualism OR Homosexuality, Female OR Homosexuality, Male homosexual OR homosexuals OR homosexuality OR bisexual OR bisexuals OR bisexuality OR queer OR gay OR transgender OR transgenderism OR transsexual OR transsexuals OR transsexuality OR transsexualism OR "transgendered persons" OR "trans persons" OR "trans people" OR "same sex" OR same-sex OR "transitioned people" OR "transitioned persons" OR lesbian OR lesbians OR lesbianism OR women who have sex with women OR wsw OR men who have sex with men OR msm OR ftm OR "female to male" OR "trans male" OR "trans men" OR transman OR transmen OR mtf OR "male to female" OR "trans women^OR transwoman OR transwomen Abbreviations: MSM = men who have sex with men; WSW = women who have sex with women; FTM = female to male; MTF = male to female low literacy that may require significant modification of material designed to engage patients. 7, 13 The most commonly studied intervention to facilitate SDM in clinical practice is the decision aid (DA). DAs are educational tools designed to encourage patients to participate in medical decisions by displaying the benefits and harms of treatment options and by eliciting patient preferences, particularly for decisions with scientific uncertainty.
14 Over the past several decades, the field has matured significantly. There are now over 115 DAs described in the literature and established best practices for evaluating DAs. 14 Despite the extensive DA literature, we know little about how frequently minority populations experience DAs or how much they have been tailored to their populations' specific needs (e.g., low literacy). We reviewed existing randomized controlled trials (RCTs) that examine DAs with underrepresented minority populations. By conducting this review, we hoped to identify the gaps in knowledge and research opportunities about the best practices for DAs within minority patient populations. The following systematic review aimed to answer: 1) what types of DA interventions are being tested within minority populations, 2) what conditions do these tested interventions address, and 3) what DA interventions have changed decision quality, patient-doctor communication, and clinical decision outcomes within minority populations?
METHODS
We conducted our systematic review by: 1) defining our key research questions, 2) identifying search terms and literature search, 3) reviewing abstracts and screening for inclusion/ exclusion criteria, 4) abstracting data, and 5) analyzing data. This systematic review adhered closely to the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA). 15 
Data Search
Our primary research question was: what types of DA interventions have been tested in minority populations; specifically, racial, ethnic, sexual and gender minority individuals in the past decade? We also sought to discover what conditions these interventions addressed and in which minority populations these interventions were tested. We additionally explored whether DAs were being tailored for minority populations.
We searched PubMed from 1 January 2004 to 31 December 2013 for RCTs of DAs conducted in minority populations. Search terms were developed and tested with assistance from librarians to ensure a comprehensive and inclusive search. We used pre-specified and tested Medical Subject Headings (MeSH) terms and keywords to identify RCTs evaluating DAs and SDM tools (e.g., Decision Making, Decision Theory) within racial, ethnic, sexual, and gender minority populations (e.g., "Minority Groups", Homosexuality, Transgendered Persons) ( Table 1) .
Inclusion and Exclusion Criteria
Our search included English RCTs that evaluated DAs within minority populations. Based on established models of SDM and DAs, 14 we included studies with an intervention that included 1) information sharing or education and 2) risks and benefits of treatment options, to enable SDM. Studies in which < 50 % of the participants identified as part of a racial (African American, Asian American), ethnic (Hispanic/Latino), sexual (LGB) or gender (Transgender) minority were excluded. 12, 16 Studies with individuals younger than 18 years old were excluded.
Study Selection and Data Extraction
Four raters independently reviewed a randomly selected, 10 % sample of articles from our search and identified articles for inclusion. The inter-rater reliability of the raters was 0.83. The remaining articles were divided among the raters and assessed for eligibility. Articles with inconclusive results were discussed to consensus among the raters. Finally, we performed a hand-search of the 2014 Cochrane Collaboration review and found six DA interventions that met our criteria. 14 We found that only one article was not previously discovered in our search of PubMed.
Outcomes of Interest
We focused our review on three sets of outcomes that are relevant to SDM. We first reviewed studies with results on decision quality outcomes. This outcome category included decisional conflict, satisfaction with decisions, and worry or anxiety regarding a decision. Second, we examined the impact of DAs on patient-doctor communication. Communication is one pillar of SDM, and includes the patient stating their intent or if they actually reported having a discussion with their provider about their treatment decision. We also included quality of communication in this outcome. Our third outcome was clinical treatment decisions, and included all outcomes relating to the treatment decision under investigation. This outcome category included the willingness to undergo treatment, readiness for treatment, intent to complete treatment and completion of treatment.
When assessing outcomes, we classified interventions as effective if decision quality outcomes improved (e.g., less decisional conflict, less worry), if communication outcomes improved (e.g., more communication, greater quality of communication), and if treatment decisions were moved by the intervention. We required statistical significance at p < 0.05 to be considered a positive result. For all three outcomes, we examined whether culturally tailored interventions were more effective compared to interventions that were not culturally tailored.
Data Synthesis and Analysis
The included articles were divided among the reviewers, and data were abstracted from full text articles using an adapted abstraction form from Zaza and colleagues. 17 For included studies, we abstracted data on population characteristics, intervention characteristics, intervention outcomes, tailoring of interventions, and feasibility considerations. After data were abstracted, two reviewers checked the content for consistency. In addition, the research team scored each included study for quality by using a tool based on the Downs and Black (1998) guidelines (28 point scale: 0 worst, 28 best). One article was removed from inclusion for failure to meet the minority inclusion requirement, and two articles were removed for failure to qualify as a DA. Data were synthesized and analyzed by using tables and primary research questions to compare the included studies. The details of the data abstraction forms were entered into tables and the main findings were contrasted and tabulated.
RESULTS
Our search identified 597 abstracts for screening and review. After abstract, title and full text review, we included 22 articles for data abstraction and analysis. During data abstraction, we discovered three articles could not be included due to exclusion criteria. This resulted in inclusion of 19 articles for data analysis (Fig. 1) , (Online Appendix). The majority of publications were excluded for failure to meet multiple inclusion criteria. The most common reason for excluding a study was that the intervention was not a DA. Five articles were excluded because their study populations did not meet the > 50 % minority criteria. This review represents data on the reports of RCTs that used decision support tools in minority populations (Table 2) .
18-36 Two of the articles described different outcomes from one RCT. 31, 32 Thus, we considered these two papers one intervention, resulting in a total of 18 interventions with data. The results describe select studies from our review that highlight the types of health conditions, populations studied, DA type and delivery mode, and cultural tailoring used.
Decision Aid Type and Delivery
Many of the trials attempted to test their SDM intervention through multiple modalities (Table 3) . Eight studies utilized more than one method to deliver their intervention (e.g., print and phone counseling), and the remaining ten studies used one method each. Counseling or interviewing was the most common mode of delivery for DAs (n = 13); however, several types of counseling were utilized: one-on-one counseling or interviewing (n = 6), group counseling (n = 4), and telephone (n = 3). The second most common form of DA was multimedia delivery. These varied from DVDs, computer kiosks with touch screens, and desktop computers with interactive displays. This type of DA was most often self-guided (n = 7); however, one study did use an assisted multi-media DA.
One example of an intervention that used multiple DA delivery modalities was the study by Glanz et al. (quality score 19). The authors used counseling, print materials, and phone calls to deliver decision support. 23 Counseling sessions were led by a nurse or health educator, and were tailored to the diverse and multiethnic population of Hawaii. The study aimed to increase colorectal screening among children and siblings of CRC patients. Using an attention control design, the study found that adherence to screening guidelines among intervention subjects compared to controls was statistically significant (p = 0.03) when measured at the 4-month followup. The intervention group showed a 13 percent increase in adherence at 4 months, which was reduced to 11 percent at 12-month follow-up (p = 0.09).
Health Conditions
Of the 18 studies included in this review, the majority (n = 14) focused on cancer prevention through screening or other means. The type of cancer evaluated among these 14 studies was limited to prostate, colorectal (CRC), and breast cancer. The remaining four trials evaluated DAs in three unique health conditions: kidney disease (end-stage renal disease and chronic kidney disease) 33, 34 , osteoarthritis 25 , and healthy lifestyle change. 22 The most commonly studied medical condition in our review was prostate cancer. Prostate cancer screening is an area surrounded by clinical uncertainty and is sensitive to patient preferences. In one of the six prostate cancer studies we reviewed, Lepore and colleagues tested a DA in African American men aged 45-70 (quality score 17). We highlight this study because it reported the largest number of SDM outcomes among the prostate cancer DAs. The purpose of this intervention was to provide information and exercises to enable men to make an informed decision about prostate cancer screening that would be consistent with their values. 27 The DA consisted of a printed pamphlet with pros and cons of prostate specific antigen (PSA) testing, and was followed by a phone call or in person counseling session. The study used an attention control design where control subjects received phone calls about fruits and
Population Characteristics
Seventeen studies focused on racial or ethnic minorities. Eight of the interventions studied African Americans, two studied Hispanic or Latino populations, one studied a predominately Asian population, and the remaining six studies consisted of diverse minority populations (three majority African American, two majority Asian, and one majority Hispanic). Of the 18 studies we reviewed, one studied a DA in a sexual minority population.
In the only study focused on sexual minorities, Bowen and colleagues tested the effects of breast cancer risk counseling on sexual minority women (SMW) (quality score 17). 18 One hundred and fifty self-identified bisexual and lesbian women participated in the study. The study utilized four group counseling sessions of five to eight women with a trained SMW health counselor to cover risk assessment, education, breast cancer screening, stress management, and social support. Three options for breast cancer screening were covered: mammography, clinical breast exam, and breast self-exam. The study used a delayed intervention control group to study the effects of the program. This program had a positive effect; perceived risk (0-100 scale, control = 33, intervention = 17), cancer worry (4-16 scale, control = 6.2, intervention = 5.2) and mental health scores (0-100 scale, control = 74.8, vegetables. The education portion of the counseling sessions was tailored based on the patient's knowledge. When compared to the control arm, the intervention arm showed increased uptake in PSA testing, and 8.3 % of controls versus 15.8 % of intervention stated they had a visit to discuss prostate cancer with their provider (p < 0.001). The intervention group reported lower decisional conflict than the control group (p < 0.014). Both 81 % of control and intervention patients said they planned on a prostate test at the post-test (not significant).
Tailoring of Intervention for Population of Interest
The extent of cultural tailoring varied across interventions. We found that ten of the studies used some form of tailoring to customize their interventions for their racial, ethnic, or sexual minority populations. The remaining eight studies did not report an attempt to culturally tailor their interventions. However, three of the non-culturally tailored studies did tailor their intervention for other characteristics of their population, such as low or mixed-literacy. An excellent example of cultural tailoring was found in the study by Makoul et al. Investigators customized their intervention after extensive interviews with Latino patients (quality score 14). 28 The final intervention was an interactive multi-media format that was accompanied by promotores (lay Hispanic/Latino community health workers) who helped participants use the DA. 37 The DA included education about CRC, screening options and risks for CRC, and explored how communication with the provider could aid in SDM. The results of the study were positive; they indicated both an increase to 90 % in patients' intent to discuss CRC screening with their providers (no p value reported) and an increased willingness to consider all three screening options-24 % increase for fecal occult blood test, 24 % increase for flexible sigmoidoscopy, 19.6 % increase in colonoscopy (p < 0.001).
Outcomes
The majority of studies showed improvement in the intervention vs. control arm in their reported outcomes ( Table 2 ). Out of the seven studies that tested and reported on communication, six of them showed statistically significant improvement. There were eight studies that tested and reported on decision quality outcomes (e.g., decisional conflict), and six of those studies showed improvement in the quality of the decisions of their subjects. The most frequently reported outcome was on clinical decisions, with 15 studies reporting results. Eight of these studies showed significant changes in clinical decision behavior (e.g., screening test uptake).
To compare interventions that did and did not culturally tailor, we focused on the clinical decision outcome, which was the most frequently reported (n = 15). Six out of nine culturally tailored interventions reported significant changes in clinical decisions, while only two out of six non-tailored interventions reported significant changes.
DISCUSSION
In health policy circles, SDM has been promoted as a means of improving quality of care and was included as a provision within the Affordable Care Act to support the development and use of DAs. 38 In light of new policies, it is more important than ever to understand the evidence regarding the effectiveness of interventions designed to encourage SDM. Encouraging SDM is a primary component of DAs, which do have a robust evidence base that developed over the past several decades. One concern regarding DAs is that their impact on minority populations and health disparities has received almost no attention. In this systematic review, we conducted one of the first focused efforts to characterize the DA literature in minority populations. We found a small body of evidence (18 studies) illustrating the effectiveness of DAs in minority populations. Considering the broader DA literature, this suggests that only 14 % of DA trials (18/129) have had significant minority representation. 14 Despite the small size of the existing evidence, we did find that the pattern of effectiveness of DAs in racial, ethnic, and sexual minority populations mirrors findings from the prior literature regarding DAs. In the studies included in this review, DAs consistently produced improved decision quality for patients and improved patient-doctor communication. A narrow majority of DAs moved treatment decisions. The confirmation that DAs can be effective tools within minority populations is an important finding that may have broader, positive implications for the alleviation of health disparities within racial, ethnic, sex and gender-based minorities. 2 In a sensitivity analysis, we also found that interventions that were culturally tailored appeared to have a larger impact on clinical decisions than those that did not tailor. This finding should be viewed cautiously, given the small sample of studies available.
While the overall findings are positive, the minority DA literature is extremely limited in terms of the range of study populations that have been evaluated. The populations that have been studied are primarily ethnic/racial minorities, with only one study focused on sexual minority (self-identified lesbian and bisexual) women and none in gender minorities. No studies focused on populations that are both racial and sexual minorities. Peek et al. conducted a systematic review of SDM at the intersection between African Americans and LGBT patients and found only three publications, so it is not surprising that this intersectionality does not exist in the DA literature. 39 Another important limitation of the literature is that the range of clinical topics in these interventions does not reflect the wide range of medical needs of minority populations. The vast majority of interventions we found focused on cancer screening. Historically, DAs have been limited to the study of single event decisions and have not focused on highly prevalent chronic conditions that require recurrent medical decisions. 40 DAs could be expanded into a diverse range of clinical topics that are relevant in the lives of minority patients. intervention = 80.3) improved over 24 months for both groups, but the improvement was greater for the intervention group (p < 0.01). Rates of breast self-examination, increasing by 17 % to 52 % (p < 0.01), and mammogram, increasing from 12 % to 87 % (p < 0.05), increased for participants that received the intervention, while it remained stagnant for the control group.
For example, among sexual minorities and gender minorities there are a number of clinical topics that have a cloud of uncertainty and would benefit from an SDM approach. Preexposure prophylaxis (PrEP) is a new treatment that has great potential to lower the risk of HIV, but may have the burden of pill taking and unanticipated long-term side effects. The decision to use PrEP would benefit from understanding the preferences of individual patients. Another important area that may fit this paradigm are decisions to undergo genderaffirming surgeries or hormone therapies. Decisions regarding the medical and surgical options for gender transition should all be informed by patient preferences. DAs in these clinical areas might ensure that all relevant information regarding the risks and benefits of treatment options are fully considered and that the preferences of individual patients are registered by the clinician. Many of the studies we excluded were interventions designed to modify health behaviors without an SDM framework. Most of these studies did not offer patients an evaluation of the treatment options or elicit patient preference. For some medical situations (e.g., quarantine in the face of an infectious epidemic), the SDM model may not be appropriate. However, we believe that almost all decisions can be viewed through the lens of SDM and can be a way to improve treatment adherence. 41 Another opportunity for promoting SDM for minority patients is to consider making changes in the clinical environment. 42 The reality is that DAs cannot be designed for every micro-decision that occurs in the life of a patient and it may be potentially more important to create a culture of SDM. DeMeester and colleagues explore the drivers and mechanisms required to impact care; the model contains six drivers: workflows, health information technology, organizational structure and culture, resources and clinic environment, training and education, and incentives and disincentives. These drivers work through four mechanisms that can impact care: continuity and coordination, the ease of SDM, knowledge and skills, and attitudes and beliefs. It is possible that even the best designed DAs and clinical interventions will not affect change unless these drivers and mechanisms are evaluated and changed to accommodate minority populations.
This review of DAs in minority populations is limited in that our sample size was very small, and it is difficult to provide recommendations for specific sub-populations based upon our results. However, this limitation highlights one of our primary findings: that more DAs need to be studied in minority populations.
In conclusion, DAs in minority populations have been similarly efficacious as DAs in majority populations. However, there is currently a lack of research on DAs in racial, ethnic, sexual, and gender minority populations and a lack of diversity of tools and study participants within existing literature. The lack of DA research in minority populations parallels a general lack of SDM in actual clinical practice for minority patients.
9,10,43, 44 The need to expand DA research experiences within minority populations is now more important than ever, given the recent adoption and promotion of SDM by policymakers. This will help to ensure that DAs are optimally designed for the language, culture, and medical needs of all minority patients.
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